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Loach minnow, Tiaroaa cobitis.

Upper: mele, 45 nmstandard length (SL), and detail of pectoral fin
(inset); | ower, female, 43 mm SL. Scalation OM11ed From IPli nckl ey (1965).
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DI SCLAI MER

Recovery plans delineats ‘reasonabl e actions which are believed to be
required to recover and/or protect the species. Plans areprepared by the
U.S. Fish and WIidlife Service, ® ometimee With the assistance of recovery
teama, contractors, State agencies, and others. (bjectives will be

attai ned and any necessary funds nade avail abl e subject to budgetary and
other constraints affecting the parties involved, amwell amthe need to
address other priorities. Recovery plans do notnecessarily represent the
views nor the official positions or approval of any individuals or agencies
involved in the plan forrmulation, other than the U S. rish Wldlife
Service. They represent the official positien of the U S. Fishand
Wldlife Service only after they have been signed by the Regional Director
or Director as appgoved. Approved recovery Elane are subject to

modi fication as dictated by new findings, changes in species status, and
the conpl etion of recovery tasks.

Li terat ure citations shoul d read as foll ows:

US Fish and Widlife Service. 1990. Loach M nnow Recovery Plan
Al buguer que, New Mexico
38 pp.

Addi tional copi es maybe purchased from

Fish and Wldlife Reference Service
5430 Crosvenor Lane, Suite 110

Bet hesda, Maryland 20814
301/429-6403

or

1-800/582-3421

The fee for the plan varies depending on the nunber of pages in the plan
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EXECUTI VE = SUWNVARY

Current Spociee status: The loach nminnow is a threatened fish which ham
been extirpated from mostofits historic range in the cila R ver basin.
It is presently found only in the upper Gila, San Francisco, and
Tul arosa rivers and Dry Blue creekin New Mexico, and in Aravai pa and
Canpbel | Blue creeks and the Wite, San Francieco, and Bl ue rivers in
Arizona. Al existing popul ati ons are under threat.

Habitat Requirenment8 and Limiting Factors: Thie fieh is a bottom dwelling
species Whi ch inhabits turbul ent waters over gravel-cobble bottoms in
faet-flowing streanme. Major threat8 include dane, water diversion,
wat er ehed deterioration, channeliration, and introduction of non-native

predatory and conpetitive fishes.

Recovery Objective: Protection of existing populations, restoration of
populations in portion8 of historic habitat, and eventual delisting, if

possi bl e.

Recovery Criteria: Thie plan mete forth mechaniemstoobtain information
necessary to deternmne quantitative criteria fordescribing a | oach
m nnow popul ati on capable of sustaining itself in perpetuity. Delisting
i s dependent upon establishment of ouch popul atione.

Act ions Needed:

. Protection of existing popul ati one.
Moni t ori n? of exieting poPuI ations.
Studies of interactions of |oach nminnow and non-native fishee.
Quantification of habitat and effectsof habitat nodification.
Enhancement Of habitats of depleted popul atione.
Rei ntroduction of |oach minnow into historic range.
Quantification ofcharacteristics of a self-sustaining population.
Captive propagation.
I nformati on and educati on.

©CE NS RN
:

Total Estimated Cost of Recovery: Cost of recovery estimated over a
m ni num 20-year period yields a mninumtotal cost of $115,000.00 per
ear. This estimate is in 1989 dollars. The estimate does not include
and or water acquisition. Although acquisition is a potential recovery
action, it is not poesible to estimate costs until areas to be acquired,
if any, are identified.

Date of Recovery: Until work is conpleted to allow quantification of
delisting Ccriteria, it is not possible to predict a date of recovery.
However, based on the eval uation period of 10 years for determ nation of
success of reintroduced popul ations, recovery of this species could not
occur in less than 20 years.
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l. | NTRODUCTI ON

The | oach mi nnow, TiarogacobitisGirard, is a small, secretive fish
endemic {0 the Gila River basin of Arizona and New Mexico, USA, and Sonora,
Mexi co.  Although this unique, m)not?/p| c genus ha8 been known to science
for nore than a century, relatively [ittle is understood 'oOf its basic

ecol ogy.  The loach minnow was apparentlg not considered inperiled by
Miller (1961) and later by Hnckley (1973). It once was |ocally abundant
in suitable habitats inthe Gila River system upstream of Phoenix, Arizona,
but today is restricted to scattered tributary populations in Arizona and
New Mexico. Present and historic distributions ofthe species arefigured
for Arizona by Minckley (1973, 1985) and for New Mexico by Propst et al.
(1986) and for both in Pigure 1, bel ow.

The |oach mnnow was proposed (U S. Fish and Wldlife Service [FWws) 1985)
and subsequently listed (FW5 1966) se a threatened species under authorit
of the Endangered Specie8 Actof 1973, a8 anended. Listing was justifie
on the basesofdi m nution of it8 range and numbersduetohabitat
destruction, i npoundnent, channel downcutting, substrate sedi nentation,

wat er diversion, groundwater punping, and the spread ofexotic Bredatory
and conpetitive fishes, and becauseofconti nued threats posed by proposed
or ongoing dam construction, water |oss, habitat Ioerturbations, ang exotic
species (FW5 1985). Critical habitat was initially proposed (FWS 1985,
Appendix A), but legal designation was deferred until 18 June 1987 (FWS
1986). Al'though that date expired with no action, proposed critical
habitat is still in force, providing linmted habitat protection. Final
designation ofcritical habitat is currently under adnminiatrative review.

Loach m nnow is recogni zed by numerous scientists as bi ol ogically inperiled
(e.g., Deacon etal. 1979, WllianB et al. 1985, Johnson 1987). The
species is classified by the State of New Mexico as a group 2 endangered
species, which are thoee *. ..whose prospect8 of survival or recruitment
wthin the State are |ikely tobecone jeopardized in the foreseeable
future" (New Mexico Departnent. of Gane and Fish 1988) which affords
protection under the New Mexico Wldlife Conservation Act, and by the State
of Arizona as a threatened species, defined as those "...whose continued
presence in Arizona could be in jeopardy inthe near future" (Arizona Game
and Fi sh Depart nent 1988%. The epeci ee can be taken only under a special
collection permt in both States. Neither etate specifically protects
habitats occupi ed by | oach nmi nnow.

Description

The | oach m nnow (Frontispiece) i S a emall, stream-dwelling nenber of the
mnnow famly (Cyprinidae); it‘'s description below is summarized from
Cirard (1857) and M nckley (1973):

The body is elongated, little compressed, and flattened ventrally.

There are eight ray8 in the dorsal fin and seven in the anal fin, The
| ateral |ine has about 65 ecalee. The nouth is emall, termnal, and
highly oblique: there are no barbels. The upper lip is non-protractile,
attached to the snout by a broad fold of tiesue (the frenum). Qpening8
to the gills are restricted. Pharyngeal teeth are in two rows, wth
formula 1,4-4,1.

Col oration of the body is an olivaceoue background, highly blotched with
darker pignment. \Witish (depignented) spot8 are present at origin and



insertion of the dorsal fin and dorsal and ventral portions of the
caudal fin base. A bl ack, baaicaudal spot usually is present. Br eedi ng
mal es have bright red-orange coloration at the bases of the paired fins
and on the adjacent body, On the base of the caudal |obe, about the
mouth, near the upper portion ofthe gill opening, and often onthe
abdomen. Temales in breedi ng become yellowish on thm fins and lower

body.

Distribution and Abundance

Historjical. Loach minnow is endenmic to the GilaRiver basin of Arizona and
" w Mexico, USA, and Sonora, Mexico (Figure 1). The species was recorded
vexico only in Rio San Pedro, Xm e xtreme northern Sonora (MIler and
1 1951). Distribution in Arizona included the Salt River mainstream
. .z and above Phoeni x, Wite River, East Fork Wite River, Verde River,
GilaRiver, San Pedro River, Aravaipa Cremk, San FPrancisco River, Blue
River, and tagle Creek, plusmajor tributaries Of larger streams (Hi nckl ey
1973, 1980; University of Michigan Museum of Zoology, unpubl i shed records).
Popul ati on8 tranapl anted from Aravaipa Creek into Sonoita creek (Santa Cruz
County, Arizona) In 1968 and Seven~-Springs Wash (Maricopa County, Arizona)
in 1970 have since been extirpated (Minckley and Brooks 1985).
Distribution in New Mexico included the cilaRrRiver (including east, Mddle,
and West forks), San Prancisco River, Tul aroaa River, and Dry Bl ue Creek;
there have been no recorded transplants of | oach minnow in New Mexico or

Sonor a.

There are subatantial gap8 in time and apace amongdataupon which to base
estimat es ofhistorical abundance ofl oach minnow, but it is unlikely
(because of it8 highly tapecialized nature) that the specie8 was ever
abundant other than Tocally. However, the historical record indicate8 that
suitable, presumably occupied habitat wasw despread throughout the region.
Li ke noat western cyprinida, distribution and abundance of |oach ninnow
undoubtedly varied greatly inreaponmeto natural changes in environnental
conditions (Hinckley and Meffe 1987).

Breeent, Loach minnow is believed extirpated from Mexieco, al t hough the -
Gila River drainage in that Country still lacks adequate surveys. The
speci e8 persists in Arizonaeorlyinlinted reSChe8 in Wite ver (Gila
County), North and East forks ofthe Wiite River (Navajo County), Aravaipa
Creek (Graham and Pinal counties), San Francisco and Blue river8 and
Canpbel | Blue Creek (Greenlee County) (Figure 1). Loach minnow is rare to
uncomon i n Arizona, except inAravaipa Creek and the Blue River drainage
(Hinckley 1981, Nontgomery 1985, Propstetal. 1985, Propst and Bestgen
1991).  Known popul ation8 once present in other river8 and streams Of the
state have been elinminated. Unknown populations of the specie8 may 8till
occur in place8 not surveyed orincompletely inventoried, especially in
Mexic and within the expaneive San carlos Apache and rert Apache Indi an
reser <=ions, Or on National Forest |and8 in the United States.

In New Mexico, the specie8 still may be found in the upper Gila River,
including the East, Middle, and West forks (Grant and Catren counties), San
Franci sco and Tul arosa river8 (catron County), |owernpst Witewater Creek
(catron County), and lowermost Dry Blue Creek (catron County). In 1982-
1985, the species was locally abundant in scattered reaches Of these
streams; population8 were small in Wiitewater and Dry Bl ue Creek8 (Propst
et al. 1988, Sublette et al. 1990, Propst and Beetgen 1991). Existing
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FIGURE 1. HISTORIC AND PRESENT DISTRIBUTION OF LOACH MINNOW
(Hislorlc distribution is represented by stippled areas; present distribution Is represented by
solid black)



popul ations of | oach mnnow bra presumably reproducing and recruiting, but
their potentialforlong-term stability is unknown.

soth the dJdistribution and abundance of |oach m nnow have become
dramatically reduced in thm|ast century (Minckley 1973, propst st al.
1988). 1t is probably extirpated from Mexico. Major stream reaches in
Arizona, including downstream reaches of 6ila, Salt and Verde rivers, that
once supported |ocal |y abundant popul ati ons are no | onger occupied by the
species, and its distribution in New Mexico is fragmented. Similar changes
in abundance and range likely occurred in the past in response to tenporal
and spatial variations in the environment, but indications arethat its
current inperiled status is adirect orindirect result of activities of

man.

Life History

Loach minnow has been intensively studied atonly a few | ocations,

resulting in an inconplete understanding of the species' ecology throughout
its range. Arizona popul ati ons have received attention only in Aravaipa
Creek (Barber and Minekley 1966, Hinckley 1965, 1973, 1981; Schreiber and
M nckl ey 1981, Turner and Tafanelli 1983, Rinne 1985, 1989), largely
because that stream contained the only accessible sizeable popul ation in
the State. Eritt (1982) exanined populations in the Gila and San Francisco
rivers in New Mexico, and Propst et al. (1988) concentrated investigations
on the mainstem Gila River in the cliff-cila Valley and Tul arosa River, New
Mexico. Results and observations presented in this literature are

summari zed bel ow;, detailed information on individual populations is
available in original source materials. Most other work on | oach m nnow
has been survey-type nonitoring to assess status of |ocal populations or
fish communities zle.g., Jester et al. 1968, Anderson and Turner 1977,

Ecol ogy Audits 1979, Montgonery 1985, Papoulias et al. 1989, propst et al.
1985); these do not contribute significant new life history information.

Habitat. The [oach ninnow inhabits turbulent, rocky riffles of mainstream
rivers and tributaries upto about 2200 meters (m)elyevati on. Because the
species has-a reduced gas bladder, it is restricted alnpst exclusively to a
bottomdwel [ing habit, swinming in swift water is only for brief monments as
t he fish darts from pl ace to place. Most habitat occupi ed by |oach. m nnow
is relatively shallow, has noderate to swift current vel ocit&/ and gravel-
to-cobble domi nat ed substrate (Barber and Hinckley 1966, M nckley 1973,
Propst et al. 1988, Rinne 1989, Propst and Bestgen 1991). Loach m nnow at
sometinmes and places (e.g., Aravaipa Creek, Arizona)is associated with
dense growths of filamentous green algae (Barber and Hi nckl ey 1966), while
in other places this association has not been observed. |n the upper Gila
River, New Mexico, depth, velocity, and substrate of occupied habitats vary
ontogenetically, eeaeonally, and geographically (Propst et al. 1988); the
sanme is to beexpected el sewhere.

Repr oduction. Loach minnow first spawn at age | in late winter-early
spring in Aravaipa Creek (Mnckley 1973) and fromlate March into early
June in New Mexico (Eritt 1982, Propst et al. 1988). Spawning is in the
sameriffles occupied by adults during the non-reproductive season, where
sex ratios appear approximtely equal. Adhesive eggs are deposited on the
undersi de of flattened rocks; cavitiesusuallyars open on the downstream
si de whilethe upstream portion of the rock is enbedded in the substrate.
Number of eggs per rock ranges from fewer than 5 to nmore than 250, with
means among popul ations of 52 to 63. Fecundity of individual fenales



rangesfrom ® bout 150 tO 250 mature ova, andgenerally increaneo wth
increasing size. Mature ova are about 1.5 millimeters (mm)in moan
dlameter, but greater (1.35~1.67 vs, 1.44-1.56 mm) among females more than
60 mm | ONg (presumably age IIL‘ thm anong smaller, age | fish (Britt
1982). Embryos retrieved from beneath @ pawning rooks and incubated at 18
to 20+ C hatched yol k-*nt larvaein8 to 6 daym.

gmﬁ. Loach minnow larvae are ® pptoximat8ly § mm |ong at hatching.

OM N ratevaries With location nmnd @ nvironnmentm conditions, and anong
year classes (Britt 1982, Propnt e t ni. 1988). Growth is nont rapid during
thm girse ® unmv, with age O fish in New Mexico unually ® ttafning 30 to
more thim 40 mm ® tandnmd length (SL)! by mid-summer JSHZ @ |ightly nore than
50 ma SL by @ nd of the calendar year. Growth rate subsequently slows, W th
age I finh averaging near §5 wm SL by end of ¢ X0 e econgugrovvl ng season.
Wnter growth is negligible. Age Il fish attain maximum | engt hs of about
68 mm SL, although nuch mine is infrequent. Longevity of noot finh is
probably 18 to 24 trmmthm @ [though exceptional 1ndividual8 may nurvive 36
nonthm = Thereis nNO evidence thnt nale mMmd female growth rated differ

® ubntantially, although males appear t0 have hi gher survivership than
females (Propst © t al. 1988).

5_9_99_[. Loach nminnow arm opportunistic, brmt hic innectivorem |argely
eriving their food ® uppliom fromanong riffle-dwelling, |[arval

npheneropt eranm and ® imuliid andchirononfd dipterans;larvae of other
aquatic insect groups, much nmm pl ocoptermmm trichoptnranm and

occam onn |y pupae or emerging adults, may be ® oarmonnily inportant (Britt
1982, Propnt et m. 1988, Propmt and Bestgen 1991).  Chironom dm are
relatively nore important anong the few food L{tems utilized by larval and
juvenile fishes; diversity of food types fncreamem am fish becomelarger,
but the array of foodm eaten is unmually small conpared with other stream
fishes (Schrei ber and Minckley 1981, but nee Abarca 1987). Because |oach
m nnow are not knownto ® wimin turbulent riffles other than for brief
pericds, it. appears that they actively neek their food anong bottom
nubntratem rather than pursuing aninmal 8 entrained inthe drift. Feeding
habits therefore parallel o eanbnal changes in relative abundance, and thus
availability, of riffle-inhabiting invertebrates.

mmlnﬁhg. Riffle8 that characterize habitatsoccupi ed by adult
loach minnow are ared with few other species. Native speckl ed dace,
Rhinichthve oscylys, often occupies riffle8 with | oach nminnow, but the dace
is a strong-swimming, md-water-colum fish that likely hamlittle
interaction with the benthiec | 0ach minnow. Native auckerm esepecially

denmert sucker, _P_gn;ﬁ_g_;m clarki, frequent riffle habitats Where they "graze
on attached algae and its ® mmociated nicrofauna. Armn? non-native
t

(introduced) fimhem that co-occurin places With adult loach minnow, only
ictalurid catfishesarelikely tointeract ntrongly with the native.
Channel catfish, Jctalurup punctatwpe.nf .2/ L.eizes nDve onto riffles to
feed, often on the same aninal S most important in dietsof | oach m nnow.
Juveni |l e flathead catfish, _Pylodictis olivaris, alno feed in rif flee in
darknenm  Channel catfish tend to be benthic omivorem but flathead
catfish are notoriously pincivoroum even when small. Thum potential for
direct interaction (i.e., predation) between |oach mnnow and ncn-native
catfishes i M enhanced by motive (acquisition of food) and npatial overlap

inrifflem

!Standard and total lengths (TL) of loach mnnow are convertible by the
expremmion SL = 0.84TL + 0.56 (r? = 0.99, n = 100) (unpublished data).

5



Larval and juvenflm | oach minnow, which occupy @ hallounr and slower

habitats al ong riffle margins than adults (Propnt et al. 1988), nmay
encounter asuite of other fishes. However, when collected they often are
the only species i n samples. Anpng natives, |arval ® uckorm (both desert
sucker and Sonotan sucker, catostomus ineignig) and |larval and adult
cyprini dm (especially the ubi qui t ous longfin dace, Agosia ) are
most likely to Iinteract with small |oach mnnow. Thene species have co~
occurred for millennia.

Red shiner, cyprinella lutrensjis, isthe non-native fimh moat |ikely to be
found along stream Margi NS i n places occupi ed by small | oach ni nnow. Red

shiner now occursin all places known to be formarly occupi ed byl oach

m nnow, but the shiner is absent Or rarein places where thenative |oach
m nnow persists. Al though no mechanism(s) of | nteraction ham been
identified. red shiner ham repeat edlz been inplicated in declines of |oach
m nnow and other native fishes (Ui nckley and '"Carufel 1967, Minckley and
Deacon 1968, Fws 1985, 1986), and stream reaches where loach nm nnow have
declined or disappeared are ® unpiciounly complementary With range

expansi ons of the shiner. However, Harsh @ ¢ al. (1989) found that habitat
occupi ed byl oach m nnow was so different from t hat ofthe red shiner that
interaction between the two ® peciem was unlikely to cause shifts in habitat
use byl oach m nnow, and Bestgen and Propnt (1986 suggest that red shiner
nﬁovk;as intg VOiSS | eft when native finh?cmrﬁqre extirpated in the area by

abi tat degradati on. Exoti ¢ nongui t of i mh, mbus i is, also occupi es
| ateral habitats used by amal |l er rTPoach m nnow, anEi al t hough potenti al P
mosquitofish/loach nminnow i nteractions have yet to be exam ned,
moaqui t of i h ham been denonstrated to be detrinental to native topnm nnow,

Poeciliopsie occidentalis. in both fieldand |aboratory settings (Heffe
1983, 1985).

Reasons for Decl i ne

Changes in distribution and abundance of loach minnow are directly or
indirectly tied to mans uses of rivers, streams and | andscapes, which have
been variously nodified by past and present activities (Hastings and Turner
1965, Hendrickeon and M nckley 1985). Direct i npacts have resulted from
stream habitat alterations acconpanying a suite of| and and water use
practices; most often cited are dewatering, inpoundment, and |ivestock
grazing. Certain introduced and entablinhad non-native fishes may interact
negatively with native kinds, and independently or in concert with habitat
alteration, result in their extirpation.

Dewat eri ng of otream reaches may accompany groundwater punping, stream
channel i zation, water diversion, or damming. Absence ofwater obviously
destroys fishes, and there can beno reestablishnent of aquatic popul ations
until flowis restored. Mich historic loach mnnow habitat is now dry (for
exanple, reaches of the Gila, Salt, and San Pedro riversin Arizona).

| mpoundment results in creation oflentic habitat, which elimnates and
excl udes the sw ft-water loach m nnow. Downstream effects of dams nm

i ncl ude dewatering (above), alteration in flow regime, anmelioration o
natural flood events, changes in thermal and chem cal character of the
stream, elimnation of organic drift typical of flowing waters, and other
i mpacts, which mayhave a variety oflethal andsublethal effects on
fiehem Natural flooding of desert streams may pl a¥1 a significant role in
life history of native fishes because it rejuvenates habitats (Propnt et
al. 1988), but perhaps nore inportantly because desert fishes effectively



withstand much di aturbancaa while non-native forma apparently do not (Meffe
and Minckley 1987, Minckley and Heffe 1967). Major reachea of the eila and
Salt rivers are influenced bydams and their reservoirs and tail watera;

| oach m nnow no | onger occur in theae affected watnra (e.g., Minckley 1973,
unpubl i ahed data).

Li vest ock grazingt hat reaulta inw deapread renoval of covering graaaea
and shrubs from the waterahed, or denuding of riparian veget ation, nay

i nduce dramatic change8 in precipitation runoff, @® wuapondod sedimeat, and
bedload that i ncr aaae stream turbidity, clog interstitial spaces of coarae
aubatratea, and enhance ® roaion Of “stream channels and banks. Similar
effects may be realized through poor tinber harvest practices, mning
operations (that may alse contribute acute or chronically toxic |evels of
contam nant8 nmuch am heavy netals), agriculture (that may also deliver
toxic peaticidea or herbicides, orenriching fertilizers), and development
for induatrial, commercial, or reafdential purposes. For exanple,

wast ewat er di achargea from the Cananea Mine, Sonora, Mexice, into the San
Pedro River in 1977-1979 killed aquatic life, including all ¢fishes, in a
100-km reach downstream (Eberhrrdt 1981). Fishes that require unperturbed,
natural habitats free ofenvironnental contaminants may not maintain viable
popul ati on8 when faced with nuch modifications, or, whereinpact8 are
tolerated, such perturbations mayweakenpopul ations of native fiahea seo
that invading predatory and conpeting non-native8 effectively displace

t hem

It is clear that habitat8 supplied with water ofsufficient quality and
quantity, and which conform w th other, specific environnental
characteriatica, armneceaaaryfor aurvival of |oach mnnow and ot her
native fishes. Maintenance of stream fl ow8 uninterrupted byinpoundnent8
may be especially inportant for |oach minnow, whoae popul ationa are often
natural |y emall and disjunct.

Habitat alteration and interaction with non-native fiahea are both
undoubtedly inportant in declines of |oach minnow. However, it maynot be
possible to separate effects of these phenomena because in most pl aces both
occurred during approximtely the sameperiod of tine. The scientific and
managenent communities have not yet devel oped capabilities to exam ne an
area from which a speci e8 has been extirpated, orin npat cases of

sout hwestern fishee even a habitat from which native8 arein active
decline, and deternmine with certainty which factor(a) is responsible.

Habi tats uni npacted by man's activities, which still support popul ations of
| oach minnow, do not exist. Even Aravaipa Creek, which aupporta a thriving
comunity of seven native fishes including |oach minnow, has been subjected
t 0 perturbationa due to grazing and water tanagenent. Reachea ofthe Gila
River and its major tributaries in New Mexico, which have been altered only
by grazing, tinber harvest, and/or mning, also are occupied by viable
native popul atione, and support few or no exotic fiahea. Both Aravaipa
Creek and the eila River presently aupport few exotic fiehea. Sinilar
conditions characterize nost streans and rivers that arestill occupied by
| oach mnnow. habitat alterations are relatively noderate and exotic
fishes are few On the other hand stream reaches from which |oach m nnow
have been known to be extirpated are characterized by past or present
moderate to nevere habitat alterations and by relatively |arge popul ations
of exotic fishes. Thus, unlike dewatering or aevere habitat destruction,
moderate habitat alteration al one does not appear sufficient to elininate

| oach minnow. 1t is only when popul ations of non-native formsinvade or
are introduced and become established that the native taxa are aeverely



depleted or elininated. However, habitat alterati on appears to be a naj or
factor in invasion and ® ntabliahnment of exotic fish in the ® outhwent.



. RECOVERY

(bj ective

The primary objective of thia recoveryplan is to identify steps and

del i neat e nmechani sns considered necessarly to protect existing popul ations
and restore depleted and extirpated population0 of |oach m nnow and their
habitats, and to ensure the species’ non-endangered, self-sustanance in
perpetuity. Realization of thia objective will constitute justification
for daliating the loach minnow This plan will require nodification as new
informati on becormes available; only atthat time can quantitative criteria
for deliating be elaborated. Interaction with .non-native finmhea and

habi tat nodi fqi cation, whether acting independently or in concert, are both
considered contributory to decline and extirpation ofloach nminnow. This
pl an recogni zes the need to deal with both impacts in order to achieve the
recovery objective stated above.

Stepdown Qutline
1. Protect existing popul ations of |oach ninnow.

1.1 ldentify extent of existing populations and |evel of protection
afforded to each.
1.2 Prioritize existing populationa as to need or inmminent need for
rotect ion.
1.3 signate critical habitat.
1.4 Enforce existing laws and regulations affecting |oach m nnow.
1.4.1 Inform as neceaaary appropriate agencies of applicable
managenent / enf orcement rasponai bflitiea. .
1.4.2 AAssure conmpliance with Section 7 of the Endangered Species
ct.
1.4.3 Assure conpliance with Section 9 of the Endangered Species
Act.
Di scourage detrinmental |and and water uae practices.
Insure perennial flows with natural hydrographa.
Curtail transport and introduction of non-native fishes.
1.7.1 Discourage use of live bait and seining in streams occupi ed
by | oach m nnow.
1.8 Examine efficacy of barrier construction to protect existing
popul ati ons frominvasion by non-native fishes.
1.9 ldentify inportant, available private lands and water rights not
al ready protected.
1.10 Acquire Inportant lands and associated water rights as they become
avai | abl e.
1.11 Protect acquired |ands.

[y
~Now

2. Mnitor status of existing popul ations.

2.1 Establish standard nonitori ng | ocations for extant populations.

2.2 Establish and inplement standard techniques and their application.

2.3 Establish and naintain a conputerized database for tracking of
moni toring and reintroduction information.




2.4 Determ ne rangr of natural variation in ebeol ute abundance and
age-cl ans structure.
2.4.1 pevelop standard methods fOr quantif-:ing abundance.
2.4.2 Conduct bi-ennuel (epring, ®© 46500 g ulation e etinetee.
2.5 Monutor community compo. =ion. . . .
2.5.1 Apply standard mc .tering | ocations and sanpling techniques
(ses 2.1, 2.2).
2.5.2 Deternine range ofnatural variationin relative abundances
of community members.
2.6 Determine genetic charecteriatice of existing populations.

Identify nature and significance of interaction with non-native fiehea.

3.1 Direct interaction (predation, displacement).

3.1.1 Field inveetigetione and experimental nani pul ations.
3.1.2 Laboratory atudine.

ndirect interaction (medietnd by other fishesorthe conmmunity).
3.2.1 Field investigations end ® Xporbwntal nanipulationa.

3.2.2 Laboratory e tudiee.

3.2 1

Quantify, through research, leach minnow hebitet needs and the effects
of physi cal habitat nodification on life cycle conpletion.

4.1 Subetrate (siltation, arnoring).
4.2 Velocity and depth.

4.3 Water temperature.

4.4 Water chem stry.

4.5 Watershed characteristica.

4.6 Interactions anong 4.1-4.4,

Enhance or restore habitats occupied by depleted popul ations.

5.1 ldentify target areas amenable to management.
5.2 Determine necessary habitat and | andscape inprovenents.
5.3 Inplenent habitat |nprovenent.

Rei nt roduce popul ations to sel ected etreams Within historic range,

6.1 lden tlf%l et ocke anmenable to use forreintroduction.

6.2 ldentify river or stream ayetema forreintroductions.

6.2.1 Deternmine suitability ofhabitat.

6. 2.2 Enhance habitat am necessary (4, S.3)

6. 2. 3 Aseeaa Status of non-native ¥I ahea |n the wat er shed.

6.2.4 Assure cl osure ofpotential immigration routes to preclude
reinvasi on by non-native fishes.

6.2.5 Reclaimam neceeeary to renove non-native fishes.

Rei ntroduce |oach minnow to-selected reaches.

Monitor success/failure ofreintroductions.

Det erm ne reasons for success/failure.

Rectify as necessary cause(e) of failure and restock.

Determne quantitative criteria for describing a self-sustaining
popul ati on.

7.1 Acceptable levels of natural variation.
7.1.1 Absolute nunbers.
7.1.2 Age clans structure.
7.1.3 Reproduction.

10
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7 .1 .4 Recruftment.

72Mni mum @ tock size.

7.3 Environmontal variables.
7.3.1 Physical charactaristics.
7.3.2 chenical characteristics.
7.3.3Bi ol ogi cal comunity.

Consi der contingency planning and preliminary investigations for
captive hol ding, propagation and rearing.

8.1 Determine wild stocks ® uitable forcontribution to hatchery
stocks.

8.2 collect And transfer Wil d mtockm tosuitable facility.

8.3 Devel op procedure8 and facilitiesfor hol ding and maintaining.

0.4 Evaluate potential technique8 forpropagati on.

8.5 nmseass |ife-cycle requirements in hatchery environnent.

8.6 supply individual 8 a8 naeded forrei ntroduction, research, public
education, etc.

| nformati on and education.

9.1 Public sector.
9.1.1 Local nedia and target campaigna.
9.1.2 States of Arizona and New Mexi co.
9.1.3 National exposure.
9.1.4 Assist Appropriate Mexican agenciaes and organi zation8 in
i nformation And educati on.
9.1.5 Open communication Anpng State8, Federal agencies, And
local residents And water users.
9.2 Professional i nfornation.
9.2.1 Open circulation ofinformation Ambng concerned parties.
9.2.2 Periodic information-exchange neetings.
9. 2.3 Presentations at professional, scientific mneetings.
9.2.4 Publication in peer-reviewed, openliterature.
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Narrative

1. protect sxisting populations of Jloack minnow.

Remai ni ng popul ation8 of |oach mnnow contfnum to be threatened by
destruction Or nodification ofhabitat, predation, b{ non-native fishes,
inadequacy of ® Xi 8ting requlations, and continued i ntroduction and
dispersal O non-native fishes. Recovery ofthe species cannot be effected
wi t hout first protecting remaining | oach nmi nnow populations.

1.1 zdentify extent of existing populations and level of protectjon
afforded to each.

Undi scover ed populationsof| oach minnow may occur in unsurveyed
or inconpletely inventoried habitats; these populations 8houl d be
identified so that the present distribution And range Of the species is
known to the extent practicable. General areas whi ch should be thoroughly
sampled t0 deternine potential occurrence of | oach minnow include the Gila
Ri ver drainage inSonora, Mexice and lands in the Unit: 4 State8 Oaned or
controlled by the U S. Forest Service and the San carice and Wite Muntain

ache Tribes. After geographic locationsofal | popul ati on8 arm known,
the existing |evel of protection afforded byany public orprivate entity
ehoul d be deternined for® Ach population. Completion of these
prel Fminarie8 will enable prioritization of the various habitats/pop-
tbxllati.vne a8 regard8 implementation Of specificrecovery activities outlined
el ow.

1.2 Prijoritize exjsting populations as {0 need or isminent need for
protectjon.

Popul ation8 of | oach m nnow that preseatly occupy relatively
unperturbed habitat and are afforded substantial protection by one or more
governmental orprivate entities (e.g., Aravaipa Crook, Arizona) are
considered i N lese imminent need of addi tional protection than those in
degraded habitat8 and/or which are mninally protected. Prioritization of
all known popul ati on8 a8 regards need for protection should be accomplished
ac ateps toward the speciesrecovery can proceed in a logical manner.
Recovery activi-‘ea for popul ation8 in most imminent danger of decline or
extirpation shec * be accomplished first.

1.3 pesianate critical habjitat.

Critical habitat (Appendix A)was proposed by FWs (1985), and
eupported by Propet et al. (1988). rws (1986) deferred deeignation until
18 June 1987,adate Whi Ch has expired. That designation ham not yet
occurred, and a!though the existir~ proposal continue8 in force, it
provi de8 only |imted protection. “ending outconme of 1.1 (above),
addi tional stream reaches MAYy be a >ropriate for future consideration for
deeignation as critical habitat. muchofthe |and Adjacent to streams
presently occupied by |oach m nnow is under full orpartial jurisdiction
and/ or presunmed protection by US. Bureau of Land Management (Aravaipa
Oreek?_le,- The Nature Conservancy (Aravaipa Creek, Gila River, New Hexico);
New Hexi co Museum of Natural History (EastForkGila River); New Mexico
Department of Ganme And rish (West Fork and Middle Fork Gilarivers); New
Mexico State Land Ofice (6ila River); National Park Service (Went Fork
Gila River, lands adninistered by U S. Forest Service); U S. Forest Service
(Gila River in Gila Wilderness Area, Lower Gila Bird Xanagenent Area, And
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Gila River ResearchNatural Area, and Gila And Apache-Sitgreaves Nati onal
Forest; Bl ue Riveri N Apache-Sitgreaves Nati onal Prorest and Bl ue Range
Primitive Area); And Fort Apache Indian Reservation (Wiite River And East
Fork of the \Wite River). However, protection of loaeh m nnow on federal
and other |1 And8 canbe fully realized only when critical habitat is
designated, and conpliance with the Endangered Speci e8 Actis inplenented.
Ot her reaches flow t hrough private | andm And W th exception of certain
portion8 controllad by conservation organizations, Ny receive only m ni mal
protection.

1.4 Enfoxce © XiwJ) laws and requlations affecting loach 'minnow.

Fallureofanyentity to recogni ze andconply with | aw8 and
regul ation8 that protect |oach minnow And it8 habitat may contribute to
i mperiled status, remult directlyorindirectly in further population
declines, and inpede recoveryofthe ® pecie8.

1.4.1 Ipnform 88 pecessary © <e[J«[[I(N] @ ueacierofapplicable.
mansgement/enforcement responsibilities.

Where not 80 informed, agencies and their personnel should
be made aware of their responsibilities regarding the laws 8prot ecting
listed species and their habitat8 And the Appropriate role8 each agency
ehoul d play to most effectively insure their protection.

1.4.2 Assure complisnce with Sectiou 7 of t he Endangered_sSpecies.
Act.

Federal agencies should cou'q::l.¥1 with Section 7 of the
Endangered speciesActand shoul d consult with the U S. Fish And Wldlife
Service on any project that ha8 potential tO affect|oach ninnow or
adversely affect it8 proposed Critical habitat.

1.4.3 Assure compliance W i h Secti f th dapgered Species

~ Complianceofall| private And public entities With the
Section 9 prohibition8 And inplenenting regulations regarding take of &
t hreat ened Apeci ee should be ineured.

1.5 Dpiscourage detrimental land And water use practices.

Wiseuse Of water and | and can benefit boththe user and the
physical and biotic natural resources of t he Area. Practice8 which Are
detrinmental to or destructive of habitat8 andextant popul ation8 of | oach
m nnow ehoul d be discouraged in all placee. Information and education
ehoul d be provided that will enable users to be aware of detri ment al
pract icom.

nsure perenni i hydroqraphs.

Loach m nnow cannot exist i n dewatered pl acee, And popul ati ons nay
be expected to decline or di eappear from stream reaches Whi ch are
intermttent or ephemeral. Permanence O flows must be assured {0 nmintain
integrity of loach m nnow popul ation8 and their habitate. Also,
southwestaern stream fishes Apparently Are enhanced relative to non-native
species Where streame are characterized by a natural hydrograph (M nckley
and Heffe 1987). Formal agreenment8 that stream flow8 will not be modifisd

13
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8.1 pet Wi | o t i atche
stocks.

An aeeeeenent shouldbe madeas to which extant popul atione are
nmost capabl e of contributing individuals for captive prograns wthout
sufferingunnecessary depletion which could inpair status of the parent
stock. Consideration shouldbe given to maintaining genetic Int e%rl ty of
capti ve etocke in context of existing wild popul ati one (Echelle 1988).

8.2 cgllect and transfer wild stocks tosuitable faciljity.

~ Adult | oach minnow sheuldbecol |l ected and treneferred to an
appropriate facility where investigations on hol ding, captive propagation,
and mai ntenance can be pursued.

8. 3 Develop procedures end facilities for holdinag and nai ntai ai ng.

. St andar di zed techni ques and facilities shoul d be devel oped by
whi ch | oach m nnow ofall sizer and ages can beeafely held and naintai ned
Wi thout threat ofexcessive nortality.

8.4 Evaluate ootential techniguesfor propagation.

St ream minnows may r eproduce voluntarily if placed into suitable
artificial habitat. O, the specie6 may require i nducti on of gamete
maturation and expression, fertilization, and incubation. Techniques
should be found that are effective and efficient, and which mninize
mortality to adult fish.

8.5 Assess life-cycle requirements in hatchery environment.

Certain environnental requirements may need to bemet to inaure
successful life cgcle conpletion in the hatchery. For exanple, specific
tenperatures may be neceeeary for spawning and nornal |arval devel opnent,
or a certain sex ratio may berequired i1f fish are to spawn voluntarily.
Such factors should be deternmined and optimzed where practicable.

8.6 supply individuals as needed forreintroduction, research, public
education, etc.

Loach minnow propagated and reared in a hatchery can serve nmany
purposes. Fish can betransported to selected eitee for reestablishnent of
extirpated popul atione, keeping in nmind the genetic considerations outlined

in 6.1, above. Research programs to answer basic queetione of |oach m nnow

life history and ecol ogy undoubtedly could utilize captive-reared
individuals. And, progeny from hatchery stocks could be distributed to
school s, nuseuns, zoos, etc., where they could bedisplayed along with
appropriate literature or other information on |oach mnnow in particular
and endangered species in general. In each instance where hatchery fish
were used, W ld donor populations would be preserved againot any potential
damage which could result from renoval of individuals.

9. | nf ormati on and educati on.

Free exchange of information and ideas anong individuals representing
both private concerns and the public sector including citizen's groups
should be recogni zed as essential support for a successful recovery
program Information on goals, plans, and progress of recovery
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i mpl ement ati on shoul d be readily available tO al | interested parti ee.

Awareneae of the general public, ~in whose behal f the Endangered Species Act
was concei ved and paeeed into law, is critical tothis plan and to
conservation of al | imperiled epecies.

9.1 public s ector

Loach minnow repreeenta a national resource Of value to all
peopl e. Because the laws designed to protect thfe animal, and by which
thia recovery plan is enabled, originatedwith the deaitea of thm public,
it ie eeeential that they be offered every opportunity to be inforned and
to participate in all aspascts of |oach mi nnow recovery. Public suppert has
capability to greatly enhance and thereby ommeon e ucceemof |oach m nnow
recovery; ouch support is derived from informed psople.

9.1.1 Local nedia and target campaians.

Because people who reeide in proximty tohabitats occupi ed
by | oach minnow are often those WhO express greatest interast in, and may
be most affected by, ® ctivitiee aeeociated wth recovery, they should be
informed and extended opportunity to participate in all e moOmmes of
recovery. Local media including television, radio, nowepapere, and
circulars should provide regular, timely, and accurate eunmariee of plans
and progreae toward | oach mnnow recovery. Local residents should be
encouraged to make their opinion8 known, thereby providing input to inprove
the plan and enhance it's probability of success.

9.1.2 States of Arizona and New Mexjico.

Media with statewi de distribution and readership in Arizona
and New Mexico should be targeted for receipt of periodic information on
| oach m nnow recovery. In this wayalarger audience with interest in the
program can be acceeaed, and their support encouraged through education.

9.1.3 National exposure.

Federal laws that protect threatened and endangered plants
and wildlife are of interest to all residents of the Nation. It thus is
apPropri.ate they beall owed to asseee effi Cac}/1 of that |egislation through
information received on projects throughout the country. Inthis way,
persons with interests in species conservation in general can be aeeured an
opportunity to be informed on a diversity of plans and prograne.

9.1.4 Assist ® DProDriat8 Mexi can agencies and organitations in
information and educati on.

A significant portion of the sanPedro River is in Mexico,
and streamreaches within that Country may beoccupi ed by undiscovered
popul ati ons of | oach m nnow. Moreover, health of aquatic biota including
possi bl e reintroduced popul ations of loach minnow in portions of that river
in the United States may be dependent upon conditions upstream in Mexico.

It thus is inportant that appropriate Mxican agencies and organizations be
apprai sed of recovery efforts, and that assistance beprovided to these
groups to enhance awareness in Mexico of continuing threats to this

t hreat ened speci es.
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9.1.5 Open _commupication smona States. Pederal ® aencies and local
residents and water users.

. It is inperative that all parties interested in or affected
by recovery actions in behalf ofloach mnnow be afforded an opportunity to
comment On and participate in thatprogram  While unanimty is unlikely to
ever be the came, meaningful prograns i S best assured when all have access
to conplete informtion.

9.2 professional information.

Prof essional information, including reaulte of field and
| aboratory reeearch, nonitoring data, trip repotta, agency reports, and
open literature nust be readily available to aFI profeseionals involved in
| oach m nnow recovery. Ideas must be exchanged freely e 0 that opti mal
strategies can be outlined and inplenented. A central clearing house and
repository for such information, wth capability to distribute it as
necessary, should be designat ed.

9.2.1 open circulation ofinfornati on amoaa concerned parties.

Al peraone working on |oach minnow and/or their habitats
shoul d be encouraged to neke information available to other concerned
parties. They should benade aware of the clearing house (9.2) and
requested to subnit findings there for distribution.

9.2.2 Periodic information-exchanas ceeti aas.

. Face-to-face neetings of intereeted profeseionals and the
public shoul d beencouraged on a regular basis, or In response to Special
circumstances. Such neetings provide opportunity to discuea ideas and
resolve difficulties that otherwise could bedifficult to acconplish.

9.2.3 Presentations at professional, SCientifiC meetings.

Prelimnary or refined research or nonitori n% data shoul d
be presented at local, regional, and national scientific gatherings so that
a broader professional audience can have opportunity to comment on and
thereby potentially enhance recovery of 1loach i nnow.

9.2.4 -Publication - in Deer-reviewed. opem |iterature.

Participanta in studies of |oach minnow at all |evele
shoul d be encouraged to publish their findings as appropriate within the
eer-reviewed, open literature. Such publication indicates that results
ave had benefit of critical review and meetthe standards of excellence to
whi ch professionals subscribe. It also enhances the credibility of
i ndi vidual s involved, and thus contributes to overall auccees of the
recovery program
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L1, | MPLEMENTATI ON  SCHEDULE

{ Prioriti

Priority 1 -Those actionsthat are absolutely ® nsential to preventthe
extinction ofthe species in the foreseeable futura.

Priority 2 -Those actions necessary t0 nmaintain the ® pecir8 current
popul ati on status. .

Priority 3 - Allother actions necessary to provideforful| recovery of

t he speci es.

e i du

Information Gathering -1 or R Acquisition - A
1. Popul ation status 1. Lease
2. Habitat status 2. Easement
3. Habitat r equi rement s 3. Managenment agreement
4. Managenent techniques 4, Exchange
5. Taxononmic studies 5 Wt hdrawal
6. Denographic studies 6. Feetitle
7. Propagation 7. Qher
8. Mgration
9. Predation Managenment - M
10. Conpetition
11. Disease 1. Propagation
12. Environmental contam nant 2. Reintroduction
13. Reintroduction 3. Habitat maintenance and mani pul ation
14, Other information 4, Predator and conpetitor control

5. Depredation control
O her -o 6. Dioease control
7. Qther managenent

1. Infornation andeducation
2. Law enforcement
3. Regulations
4,  Administration

Abbr evi ations _used

FWs - USDI Fish and Wlidlife A2ZG&F - Arizona Gane and Fi sh Depart nent

Servi ce

FWE - Fish and Wldlife NMG&F - New Mexico Departnent of Ganme and
Enhancenent Fi sh

FR - Fisheries Resources FS - USDA Forest Servi ce

W - WIdlife Resources BLH - usSDI Bureau of Land Management

LE - Law Enforcenent BR - USDI Bureau of Reclamation

DFRT - Desert Fiehee Recovery Team
PA - Public Affairs
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part Wl- IMPLEMENTATION SCHEDULE

| RESPONSIBLE AGENCY
FWA

FISCAL YEAR COsYs

GENERAL TASK (EST,)
ATEGORY PLAN TASK TASK # [PRIORITY (| DURATION | REGION |PROGRAM | OTHER Y FY2 FY3 COMMENTS
1-1 Identify all populations 1.1 1 3 years 2 v ALGLF 4,000 4,000 &,000
and determine level of FR NMGRF
protection fS
BLM
-1 Prioritize populations 1.2 2 { year 2 FuE DFRY SO0 |Yask will be
bared on need for conducted by the
protection DFRY
03 Designate critical habitat 1.3 1 1 year 2 FUE 1,000 Final rule Is
under review
0-2 Enforce laws and regulations| 1.4 1 Ongoing 2 FWE FS 5,000 5,000 5,000
LE BLM
1]
A2GRF
NMGRF
H3 Discourage detrimental land 1.5 1 Ongoing 2 FuE 23 5,000 5,000 $,000
and water uses BLM
BR
A2GLF
NMGRF
A-7 Insure natural flows 1.6 1 Ongoing 2 FWE FS -=<-unknown- - - - Could Involve
w 8LM the purchase of
BR instream flows
M-4 Curtail introductions of 1.7 1 Ongoing 2 FR NMGLF
non-native fishes FUE A2GLF
n-4 Identify need for and 1.8 | Ongoing 2 FuE BR 100,000 |100,000 |t00,000
construct barriers AZGLF
NMGRF
BLM
S )
1-2 Identify available 1.9 2 Ongoiing 2 FUE WR 3,000 3,000 3,000
unprotected private lands DFRY
and water rights NMGEF
AZGRF
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Part Ill - IMPLEMENTATION SCHEDULE

i N

RESPONSIBLE AGENCY
1}

FISCAL YEAR {+77§

GENERAL — TASK (EST.)
ATEGORY PLAN TASK . SK # |PRIORITY | DURATION | REGION | 'ROGRAM | OTHER (24 ] Fv2 l FY3 COMMENTS
A-1 Acquire available lands 1.10 2 Ongoing 2 w FUE ~--:u*nom-*l-
through | and associated water kS
A-6 rights BLM
0-2 Protect ® ccpired lands 1.11 2 Ongoing 2 L] BLM = =~-unknown----
& 0-3 FAE FS
LE
t-1 Establish standard monitor- | 2.1 1 1 year 2 FuE 13 1,500
ing locations and techniques| 2.2 8LN
NMGLF
AZGRF
DFRY
-1 Establish and msintain 2.3 2 Ongoing 2 FuE AZGRF 2,000 2,000 2,000
Lt 1-2 computerized database
R-1 Determine natural variation | 2.4 1 3 years 2 FUE A2GLF | 10,000 10,000 10,000
in sbundance and age-clssr NMGRF
structure FS
BLM
R-1 Determine standard methods 2.4.1 1 2 years 2 FUE NMGLF 2,500 2,500 2,500
for quantifying sbundance AZGLF
FS
(1L}
1-1 Conduct bl-amual population]| 2.4.2 1 ongoing 2 FUE NMGLF 3,000 3,000 3,000
o ¢ inetes AZGTF
FS
8LM
2.5
1-1 Monitor community composi- 2.5.1 1 Ongoing 2 FWE NMGLF 5,000 5,000 5,000 |[Tasks 2.4.2 to
tion including rsnge of A2GLF : 2.5.2 would be
natural varistion 2.5.2 FS done simul -
8LM taneously
1-14 Determine genetic 2.6 1 2 years 2 FUE A2GEF 0,000 8,000
characteristics of ® nisting NMGRF
populations FS
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Pan lIt-IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY
Fus

FISCAL YEAR COSTS

GENERAL TASK (EST.)
ATEGORY PLAN TASK TASK # [PRIORITY # DURATION REGION PROGRAM | OTHER FY1 Fy2 FY3 COMMENTS
R-9 Determine significance of 3.1 2 3 years 2 FUE A2GLF | 25,000 25,000 25,000
t R-10 interaction with non-native | through NMGRF
fishes 3.2.2 kS
BLM
R-3 Quantify effects of physicall 4.1 2 3 years 2 FUE NMGLF | 25,000 25,000 25,000
habitat modification through A2GLF
4.6 fS
SLM
n-3 Identify management areas 5.1 2 1 year 2 FWE DFRY 5,000 To be done
and determine necessary 5.2 NMGLF following comp-
habitat improvements AZGRF letion of tasks
FS 4.1 to 4.4
BLM
n-3 Implement habitat 5.3 3 ongoing 2 FWE A2GRF - -unknown--- -
improvement NMGEF
FS
BLM
n-2 Identify stocks to be used 6.1 3 1 year 2 FVE DERT 2,000
for reintroduction
n-2 Identify and prepare sites 6.2 3 3 years 2 FuE DFRT unknown cost will depen
for reintroduction through NMGEF upon kind and
6.2.5 A2GEF amount of work
FS
LM
n-2 Reintroduce into selected 6.3 3 Ongoing 2 FWE NMGRF $7,000/yr once
reaches ard monitor 6.4 A2GLF rcintrodx:tion
Fs
BLM
n-2 Determine reasons for 6.5 3 Ongoing 2 FWE DFRT Evaluation will
success/failure and rectify | 6.6 A2GRF begin $ years
as necessary NMGRF after reintro-
BLM duction
fS
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Part Ill - IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY FISCAL YEAR COSTS
GENERAL TASK Fus (EST.)
ATEGORY PLAN TASK TASK #[PRIORITY # DURATION REGION JPPROGRAM | OTHER FY Fy2 FY3 COMMENTS
R-I Determine quantitative 7.1 2 .3 years 2 FWE A2GRF | 20,000 20,000 20,000
criteria for describing a through NMGRF
self-sustaining population 7.3.3 FL
BLM
DFRY
H-1 Select stocks to be used 8.1 3 1 year 2 FUE DFRT 1.000
for hatchery brood stock R NMGLF
AZGRF
H-1 Collect hatchery stocks 8.2 3 1 year 2 FuWE AZGLF 3,000
FR NMGLF
n-1 Hold and maintain stocks ir 8.3 3 Ongoing 2 FR $10,000/yr once
a hatchery FUE stocks are takes
n-1 Evaluate ad assess 8.4 3 1 year 2 R OFRT 8,000
propagation techniques ard 8.5 FUE NMGLF
life-cycle requirements A2GRF
n-1 Supply hatchery reared fish) 8.6 3 Ongoing 2 FR A2GLF $1,500/yr once
as needed FWE NMGLF begun
0-1 Provide information and 9.1 2 Ongoing 2 FUE NMGRF 3,000 3,000 3,000
education relative to the through PA A2GRF
species to the public sectof 9.1.5 FR FS
LM
R
0-1 Ensure atl professional 9.2.1 2 Ongaing 2 FUE [ 1] 2,swW 2,500 2,500 ¢osts include
information is made through FR A26LF fnformation
availsble 9.2.4 NMGLF publ ication in
BLN sdientific
FS journals
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IV. APPENDI X A: PROPOSED CRITICAL HABI TAT

Propoeed critical habitat fer |oach m nnow, Tlaroqa gobitis, in Arizona and
New Mexico, am ori gi nal | y proposed by FwWs (1985?1. &gal doecriptione
(township, range, EL2 @ ection)arm notincluded hnrmn.  All stream reaches
are figured in FwWs (1985). Additional e ¢00%O rmachne occupiedby yet
undiscovered popul ation8 of |oach m nnow may be coneidernd for future
addition to the deeignatnd critical habitat. Any nuch addition8 will be
subjectt 0 the etandard rul nmaki ng process, including publication of a
propoeal in the Federal Regfeter and apublic review pericd.

Arizona:

1. Gaham and pinal Countiee: Aravaipa Creek, approximtely 24 kilometers
(km)of stream

2. Greenlee County:

a. Blue River, apﬁroxi mately 78 km of river extending fromthe
confluence with the San Francisco River upstream to the confluence
of Campbel | Blue creek and Dry Bl ue Creeks in Catron County, New
Mexico.

b. Campbell Blue Creek, approxi mately 14 km of stream extending from
the confluence with the Blue River upetream tothe confluence with
Col eman Creek (approxinmately 0.8 km of thie reach arm located in
Catron County, New Mexico).

C. SanFrancieco River, approximtely 6 km ofriver, nxtending from
thm confluence with Hickey Canyon upstream to the confluence wth
Blue River.

New Mexi co:

1. catromn County:
a. Dry Blue Creek, approximately 3 km of etrmam, extending from the
confluence with the BlueRiver upstream
b. San Francieco River, approximately 15 km of stream extending
upstream fromthe U S. Hi ghway 180 bridge.
¢c. Tularoea River, approximtely 24km of stream, extendi ng fromthe
confluence with Negrito Creek upstream to the town ofCrurville.

2. Grant and cCatron Counties:

a. East Fork Cila River, approximately 26 km ofriver, extending from
the confluence with the West Fork upstream

b. West Fork Gila River, approximately 12 km of river, extending from
the confluence with the East Fork upstream

C. Mddle Fork Gla River, approximately 18 km of river, extending
from the confluence of the westForkupstream to the confl uence
with Brothers West Canyon.

3. Grant cCounty: Gila River, approximtely 37 km ofriver, extending from
the confluence with Hogollon Creek downstream.
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APPENDI X B: COMMENTS

Appendi x B is conbi ned for tworecovery plans: the @ pikedaco and the |oach
m NNOW. It contains a list Of plan reviewers, copies of comment |etter8
received, and Service responses {0 those comments. Comments for both plans
were solicited at the ¢ UW time,andallcomment letters @ ddraam both
planm  Therefore, {0 reduce paper consumption, Appendix B ° .s been printed
under separate cover from the body of ® ithnr recovery pl an uppendix B was
distributed along wWith copiesofthe planstoa nmailing lie 3f interested
parties, including Federal and State agencies and partieswho ® 2UHX OGN 2
comments. Purther distributions of either recovery plan W || be made

Wi t hout Appendix B, unlessit is requested. Separate copies of Appendi x B
O also ® vrilablo upon request.
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by activities that ® ubntantially altar natural flow regimes, nuch am
dammi ng ordiversjon, ® hould bman integral part ofinsuring perenni al

f1 owm For exanpl e, U.S. Bureau Of Land Management is i n the ?I nal ® tagee
of appl yi ng for an instream flow water right for Aravafpa Creek, Arizona.

1.7 curtailsransport_and introduction Of pon-native fishes.

State, Federal, or private st ocki ng programs for non-native sport
or other ® peciee must consider potential impacts of rnuch plantingm on
inperiled fishes, and @XOX4¢ @ ctivitiemto waters 80 am to precl ude
possibility for negati ve interactions. \Were they do not already exist,
approprinte regulations ® hould be pronul gated that dinctourage transport and
® tocking of non-native finheminto habitats from which they have access to
stream reaches occupi ed by | oach m nnow. State, Federal, or other
management agencies and privatm entities shoul d di ntontinue ntocki ngm of
non-native, warmwater sport, forage, or bait fimheminto or upstream from
streams occupi ed by |oach m nnow, and upntream fromthe firstabsol ute
barrier to upntream fish novenent 1nto |oach m nnow habitats.

Operation and future sitingof State, Federal, or private facilities that
hol d, propagate, rear, or participate i N Ot her ¢£ish or aqua-cul tural
activities W t h non-native finmhem nhould be required to ensure that
escapenent to waters occupi ed by | oach mnnow I m precl uded.

1.7.1 Discourage use Of live hAai! and seininainstreamsoccupied
n now .

I ntroduction8 of non-native finmhem may occur am a result of
intentional or inadvertent releaseofbait fishes unmed for sport angling.
Wher e sport fishes and | oach nminnow are known to co-occur, responsible
resource agencieas should discourage or disallowuse of | i ve bait.
Furthernore, baitfimh neining nmhould not beallowed to occurin stream
reaches occupi ed by [oach m nnow, which could unknowingly be taken and
unneceeearily destroyed.

l1.8Examine @ ffiCnCVOof barrier construction {0 protectexi sting

populations from invasion by non-natjive fishes.

Construction Of figh barriers ehoul d be considered am a preventive
meagure f Or protection of existing populations of |oach m nnow from
contaminat ion Dy non-native fishes. For exanple, a cooperative effort has
deternmi ned that placement of much a barrier on Aravai pa eek, Arizona,
woul d protect upstream popul ati ona ofnative fishes, including |oach
m nnow, frominvaeion byred mhiner. CQher ntreamm occupied by |oach
m nnow nay al so be anmenabl e to such managenent, and renponei bl € agenci es
should fully evaluate efficacy of thim action.

1.9 ldentifv important, avail abl e private | ands and water riahts not
al rsadv protected.

Al'though a eignificant proportion of lands adjacent to habitats
occupi ed byl oach minnow al ready receive at |earnt some degree of protection
from State, Federal, orprivate entities, other |and8 through which
potentially inportant stream reaches pass have no benefit of protection.
unwise | and or water uee practice8 in and adjacent tooccupied reaches
coul d have detrinental inpacte upon |oach mnnow residing in the same
drainage. Al so, because fishes require water tosurvive, provision must be
made foracquisition Oof water rightmto innure sufficient quantities for
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t he species t 0 perpetuate. The U S. Fish and Wldlife Service ahould
designate the appropriate agenciestoidentify thene areas and water
rights, determine their ownership, and aaaeaa the potential availability of

neceaeary water rights.

1.10 acquirejimportant | ands and associated water riahta as they becone

available.

A variety of mechanisnms exist by which lands and water rights may
beacqui red by State, Federal or private entities inclined to do so in
behal f of protecting | oach minnow and their habitat. Acquisition of thene
lands and water rights wi || add toassurance t hat existing popul ati ona of
the apeciea and their habitats are secure.

1.11 protect o MHOeXOML2 lands.

Once inportant |ands and stream reaches arein appropriate
ownership, they nust be admnistered and managed in ways consistent with
perpetuation of |oach minnow habitats and popul ati ons.

2. nitor fexisting | ationa,

Standardi zed, long-termnonitoring is neceaeary to detect changes in
popul ati on status, aaaeaa aucceaa ofrecovery/ managenent actions, and
deternine when applicable criteria for delisting have been fulfilled. The
U S Fish and Wlidlife Serviceand statesof Ari zona and New Mexico, wth
advice of the Deeert Fishes Recovery Team ahoul d specify a standardized
moni tori ng program baaed upon biol ogi cal conaiderati onm plum practical
constraints to addreaa el enents outlined bel ow

2.1 Establish standard ronitoring | ocati ona for ext ant populations.

Stream and river reaches representing typical habitats actually or
potentially occupied by |oach m nnow population6 in Arizona and New Mexico
shoul d besel ected forroutine monitoring. Only when data are obtai ned
from standard monitoring areas can natural or other changes in habitat or
popul ati on status be deterni ned.

2.2 Establish and inpl enent standard techni auea andtheir aoolication.

Techniques for aaaeaei ng habitat and |oach m nnow popul ation
status should be coneietent spatially, tenporally, and amonginvestigators.
Standard nonitoring techniques ahould bedevel oped and inplenented to
ensure that results are conparable among years, popul ationo, and groups
responei ble forthis monitoring. Techniques should be based upon
bi ol ogical information, plus practical conatralntm In sone instances, use
of specific techniques may be restricted, for exanple, use of notorized
equi prent in wlderness areas, and such constraints shoul d beconsidered in
sel ecti on of met hodol ogi ee.

2.3 Establish and mamintain a comvuterited database.

Adequate data tracking would allow managenent actions tO be based
on the best up-to-date information and would insure rapid assessment Of
recovery progress. A centralized, conputerized database should be
established containing all available historic information on distribution
and abundance of the loach mi nnow t hr oughout itsrange. Alnonitoring
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data ONn existing populations, plusinformation on e etabliehnont and
moni toring of reintroduced popul ations shoul d be placed into this database
ae soon as the informationbecomes avail abl e.

2.4 petermine rapge of natural variation im a bsolute e bundence ® 00Q
age-class structure.

Popul ations of |oach minnow vary both spatially and tenporally as
aresult of differing dynamic characterietice exhibited by individual
popul ati one and in response t0 natural changes in their environment.
Chances i n statue ofany givrn [oach m nnow population can be attributed to
other than natural causes only when the range of variation expected from
intazt popul ations in ralatively unperturbed habitats has been e I M MMM ML
Chan es which occur under these |ast conditions are reasonably interpreted -
as d .to natural phenonena, and previde a template @ geinet ich to aeeeee
chanc - due to man's activities. Population @ tatue is most readily aeeeeeed
by know ng absol ute abundance ofindividuals in the popul ation, and the
distribution of individuals amongagecl aceee (cohorts).

2.4.1 pevelop standard nethods for eusstifving abundance.

Several t echni guee are avail able for determ nation of
absolute abundance of fishes, including depletion sanpling, mark~and-
recapture, etc. Astandard technique should be selected on a baeie of
bi ol ogi cal considerations, plus practical constraints.

2.4.2 Conduct bi-annual (sprimg. autumn) population estinmates.

Popul ation eetinatee shoul d be conducted at tinmes of year
that are nost likely to provide managers with nmost-useful information as
regards statue of |oach minnow.  Spring sa\rlr\lﬁl ing allows aeeeeement of
reproductive condition of the popul ation, ile autum sanpling Qovidee
opportunity to evaluate recruitnent derived from springtime spawning. Both
are neceeeary to adequately determ ne population statue and characterize
cyclic aepecte of population dynam cs.

2.5 Honitor communitvy COrwsition.

Popul ati ons of loach mnnow may be subject to influences ofother
menbers of the fish community. Changes in Status of other species,
especially non-native kinds, may serve notice that |oach mnnow statue also
may be expected to change. At leastami nimum of predictability of change
within anornmal range of varietion is necessaryto manage popul ations of
| oach minnow, andany informationthat will enhance that capability nmay
enable managenent deci si on8 before potential negative inpacts are realized.

2.5.1 Apply standard momnitoring | ocati oNnS and sampling technigques
(see 2.1, 2.2).

Techni ques for aeeeeeing etatueof the fish comunity
shoul d be conpatible with those specifically selected for | oach m nnow
moni toring, and should be etandardited as regards place and nethod.

2.5.2 petermine range Of natural variation in relative abundances
of comunitv members.

A nost easily obtained and readily interpreted datumis
rel ative abundance of fish community constituents. However, change caused
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by other than natural factors cannot bereliably ® eseeeed unless an

i ndication of the range of nornmal variation experienced by etable .
communities in rel ative?y unperturbed habitats is first known. Baseline
data already avai | abl e shoul d beaugnented by information from future,
routine sampling of fishes.

2.6 Deternine aeaetic characteristicsOf® x&& 03 populations.

Baseline infornmation on the genetic characteristics ofexisting
| oach m nnow popul ations shoul d be gathered to elucidate relationships
anong popul ations and to provide guidance inpropagation and reintroduction
programs fEcheI le 1988; 6.1, 6.3, and 8.1, below). Results ofan initial
eurvey will be required to insure that any genetic differences anong
popul ati ons are considered in the implementation of this plan.

3. ldentify nature and significanceofi nteraction with non-native fishes.

| mpacte of non-native fishes on |oach minnow cannot be alleviated or
otherwi se managed until the mechanism(s) of such interactions are known,
and anasseeenment as to the qualitative and quantitative significance of
the interaction has beenconpl eted.

3.1 Direct interaction (predation, displacement).

Research has-shown that certain non-native fishes prey intensively
upon native fishes (e.g., Heffe 1983, 1985). Likewise, inferential
evi dence euggeete that other non-natives spatially displace native fishes
(e.qg., Hinckley and Deacon 1968, Harsh et al. 1989). These kinds of
interaction thus appear nost fruitful forinvestigation in the case of
| oach minnow. CQher potential mechanisms of interaction, such as
conpetition for environmental reeourcee, ehould also be investigated where
data suggest they maybe inportant.

3.1.1 Field invertiaations and experimental manipulations.

. : Evidence of di rect interaction i s mostconvincing when
derived from studiesonin-situ popul ations. Because | oach m nnow and

otentially detrinental non-nativefishes co-occurin several places, these
abitats and communities could be selected for intensive field studies.
Experimental manipulations in which selected species are variously included

or excluded anmpbng avail able habitats would provide a powerful tool for
evaluating interactions (e.g., Power et al. 1985). Appropriate study
reaches and specific experinmental deeigne shouldbe determn ned byconsensus
among know edgeabl e i ndi vi dual s.

3.1.2 Laboratory Studier.

Some aspects of direct interaction amongloach mnnow and
non-native fishes can be deternined best under controlled, |aboratory
conditions. These studies would provide aframeworkanddirection for
applied field investigations (3.1.1).

3.2 Indirect interaction | nediated by other fishes of the communits).

Effects of non-native fishes upon |oach mnnow may not be caused
by direct interaction, but rather indirectly by the effect of non-native
f1shes inpacting other nmenbers of the fish commnity. Regardlese, prudent

17



managenent of [ oach mnnow popul atione cannot be inplenented until the
natureand ® ignificance ofboth areeval uated.

3.2.1 xzperimeuveltigatjons and e —manipulations.

Field @ tudiee and in-stream experiments would be neceeeary
to qualitatively and quantitatively describe indirect interactions anong
| oach minnow and non-native fiehee (see 3.1.1).

3.2.2 lLaboratorystudies.

Studi es ofl oach minnow, ot her native fiehee, plus non-
native species under controlled, |aboratory conditions could identify a
range ofbi ol ogi cal and habitat paremetersinportant to indirect
interactions; these then could be appliedtowardi nteneive field studies
(3.2.1).

4. gQuantify, throuah r rch. | h ow habi n n h s
of pbysical habjtat wodification Or ife mple .
Local i zed depl eti on or extirpation . | oach m nnow may be caused by

changes in proximal physical habitat aeting on one or wrelife hi storg
stage or function. Likewise, W deepread depletionor extirpation may be
caused by farreaching al terati ono of watershed characteristics acting on
oneor nore life history stage or function. ¢:alitative and quantitative
rel ati onehi pe anong Specific kinds of habitat . .oditication and [ oach m nnow .
bi ol ogy must be established bef ore manage~ent :zan be directed toward
correcting andrenoving the cause(e) of a_leterious habitat conditions.
Such analyses will be dependent upon prior determinations of | oach m nnow
habi tat needs and usage. Research nust consider all life history stages as
wel | as variations in eeaeonal and diurnal use.

4.1 Substrate (siltation. ® rrorinal.

Erosion and siltation which result in filling of interstitial
spaces of gravel-rubble riffles occupied byloach mnnow may interfere w.
succeasful egg depoeition and incubation, and thus inpact recruitment,
popul ati on abundance, andage-class structure (Propst et al. 1988).
Substrate arnoring which renders egg deposition sites unavail able to-loac
m nnow nmay have eimlar effects. Quantitative relationships nust be
est abl i shed so that. conditions characterizing suitable habitats can be
described, changes can beassessed, and managenent strategies for
reclamation of 1npaired habitat canbe assessed and inpl ement ed.

4.2 Velocity and depth.

Land and water uee practices that alter water velocity and depth
may affect |oach minnow, which have denonstrated specializations for these
factors (Turner and Tafanelli 1983, Propst and Bestgen 1991). Avail able
data shoul d be reviewed and augnmented so that preferenda canbe determ ned,
and tolerance limits eetabliehed. This information will enable refinenment
of managenent strategy design and inplementation.

4,3 Water ttnverature.

Water and |and use practices may influence thermal regimes in
habi tats occupied by [oach mnnow.  Relationehipe between |oach mnnow life
history and tenperature are poorly known, and should be established as
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regards Opti "R, preferenda, and tolerated extremes so that conditions
characterizing Sultable habitats can bedeecrfbed, chengee can be aeeeeeed,
and management Strategies for reclanmation ofinpaired habitat canbe
evaluated and i npl enent ed.

4.4 \Mter chemjstry

Water and |and use practices may influence various chenical
paraneters ofthe waters occupied bP/ | oach mnnow. Preferenda and
tolerance linmits of loach mnnow [ife history stages need to be established
for basic paraneters, such as pH, turbidity, alkalinity, and dissolved
oxygen, 80 that the effects of change8 i'n those paranmeters maybe assessed.

4.5 \tershed characteristics..

It has been speculated that |oach mnnow nmay belinmited to
occupation ofstreans with a certain m ni num wat ershed site and/or water
vol une (Propst, pare. comm.), based on their absence fromsmall tributary
streams even when habitat is apparently available. |npoundment and/or
di version of upstream waters, watershed vegetation alteration resulti n% in
changing runoff patterns, and other human actions functionally nodify both
wat er shed size and water volume. Flood frequency and volume is a nmjor
wat er shed characteristic and is frequently nodified in southwestern streams
during the course of water developnent. Flooding has beenshown to be a
maj or factor in.the relationship of native to non-native fishes (Heffe and
Minckley 1987, Propst et al. 1986). Relationships between watershed
characterietice andloach m nnow biol ogy nust beestablished so that
conditions characterizing suitable habitats can bedescribed, effects of
changes can be aceeeeed, and nmanagenent etrategi ee can be prepared and
i npl enent ed.

4.6, Interacti on8 amonqg 4.1-4.4.

Wwater and | and use practices may affect ON€ Or several
environmental par aneters inportant to eucceeeful |oach mnnow life cycle
conpletion. Thus, synergistic or antagonistic effects of changes in
substrate, Vel ocity, depth, and water t enperature shouldbeaeeeeeed to
cli_ecgrmine'combinations repreeenting optim, preferenda, and tolerance

imts.

5. Enhance or restore habitats occupi ed by depleted popul ations.

Management strategies devel oped to minimize Or elininate negative
i npact s resultingfrom habitat nodi fications andiorinteractions with non-
native fishes should be applied to habitats in which [oach m nnow
popul ations have been depleted. Such managenent provides opportunity for
continued et udy ofrel ati onehi pe between | oach m nnow and its biological
and physi cal environment, to assess efficacy and nodify specific practices
of management inplenentation, and contributes toward recovery of the
epeci ee. '

5.1 Identify target areas anenable t0 management.

~ Sone habitats occupied by depleted popul ations of |oach minnow,
and their adjacent |andscapes, maybeanmenable to restoration, while others
may bein a stateofcontinuing degradati on such that they cannot

reasonably be r evi ved to euitable condition. Theee forner places shoud be
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identified so that managenent can be inplenented that will enhance or
restore themto pre-inpact conditions.

5.2 Determine pecessary habjtat apnd landscape improvemesnt s.

Habi t at improvements can be effected only when physical
characterietice neceeeary for | oach m nnow occupation, reproduction, and
sel f-sustenance ate known. Moreover, habitat reetoretion likely will
require renmoval of conditions which have |ed to degradation. Some stream
and river reaches may "self~improve" if natural forces are allowed to reign
in absence O e ourcee Of perturbation. Exanples include curtailment of
overgrazing, stabilization of banklfne or other erosion sites, altered
ti mber nanagenent strategies, etc..renoval orother control of non-netive
fishes, where problematic, ney alse be neceeeary (6.2.3-6.2.5).

5.3 1mplement habjt{al improvement.

Once sourcesof inpacts end habitat parameters in need of
i mprovement have been identified, neaeuree should be inplenented to remove
i mpacts and restore damaged habitats.

6. Reintroduce populatioms t0 selected streams Within historic range.

One of the mostcritical goals to be achieved toward | oach m nnow
recovery is eetabliehment ofsecure, self-reproducing popul ations i-
habi tats. fromwhich the epeciee has beenextirpated. = Succ=ssful
i npl enentation of this managenment goal will provide acle indicat on tr.._
both the biology ofthe epeciee and the inpacts reeulting -aits demise are
wel | enough understood and that nanegement etrategiee were effective enough
that attai nnent offull recoveryis probable.

6.1 1dentify stocks anenable to use for reintroduction.

Stabl e, eelf-sustaining populations with capacity to contribute
individuals for reintroduction wthout sustaining unneceeeary depletion
should be identified. To the extent practicable, local stocks wth
affinities to thoee formerly occupying target etreame should be utilized
{e.g., upper Gila River for Eagle Creek, Aravaipa Creek for San Pedro).
Resultsofa genetic eurvey (2.6 above) will be used as guidance in
sel ecting appropriate donor stock. Ifit is determned that existi n?
popul ati ons do not have capability to supply sufficient individuals fox
reintroductions, hat:hery-produced fish may be used (8 bel ow).

6.2 1Identifv river or_streamsystems foOr reintroductions.

Among streams from whi ch | oach mnnow have been extirpated, Eagle
Creek and San Pedro River, Arizona, represent those nobst amenable to
reestablishment of the epeciee. Loach minnow occurred in Eagle Creek at
| eaet in 1950, when R R Mller collected 13 individuals (University of
M chi gan Museum of Zoology, unpublished record). A though the etream
contains relatively | arge areas of apparently suitable habitat and supports
a largely native fauna (H nckley 1973, Propst et al. 1985, unpublished
data) loach mnnow apparently no longer occur there; reason(e) for its
apparent extirpation are unknown. San Pedro River is the type locality for
| oach minnow (Cirard 1857), but it and 10 other native fiehee were
extirpated as a resultofdrastic habitat destruction, plus introduction of
exotic fiehee, over the last 100 ?/ears (M nckley 1987). Not onIY t he
mai netream San Pedro may be readily anmenable to restoration for |oach
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m nnow, certain perennial reaches of mmjor tributaries (e.g., Redfield
Canyon, Babocomari River) alse have potential for reestablishment of the
epecieo. Aravaipa Creek, which is hone tothe |argest remaining |oach

m nnow popul ation inArizona, is tributary to the San Pedro River. Bonita
Creek (tributary to the Gila River in Arizona), plus other, yet to be

i dentified locations, should alsobeeval uated ‘as potential recipient8 of
rei ntroduced populations.

6.2.1 Determine @ uitabilftv ofhabitat.

Eagl e Creek and San Pedro Ri ver systems, plus ot hers when
identified, ehould be eval uated as regards suitability to provide |oach
mnnow habitat. Specific reaches that fulfill known requirements, plus
areas anenabl e to reetoration, ehoul d be identified. Caueee and sources of
former andcontinuing habitat degradatiod and of the original extirpation
need to be evaluated and rectified if necessary.

6.2.2 enhapnce habjtat as necessary (4, 5.3).

Habitats anenable to physical restoration should besubject
to managenent inplenentation to reetore themto pre-inpact condition. This
may require modification or diecontinuance of certain land or water use
practicee if It ie determned that theee continue to contribute tohabitat
degradati on.

6.2.3 Assessstatus of lron-native fisher in the watershed.

Non-native f i ehee poee potential threats to reeetabliehnent
of loach mnnow. Theae may occupy the Stream reach selected for
reintroduction, tributaries, and isolated waters within the watershed.
Assesement echould be made of distribution, community composition, and
rel ati ve abundances Of non-native fiehee.

6.2.4 Assure closure ofpotential immigration routes to preclude
reinvasion bvnon-native fishes.

Stream reaches identified to receive plantings ofloach
m nnow shoul d be isolated as nuch as practicabl e fromnon-native fishes,
which nmight preclude or otherwiee interfere with successful reeetabliehment
of the native. Closure of inmigration routes m ght include construction of
barrier dame or other etructuree to insure that downetream Eopul ations of
exoti cs donot access habitats occupied byreintroduced etocka of |oach
minnow.

6.2.5 Reclaim as necessary t 0 remove NON-nati ve fishes.

Non-native epeciee in places from which they could invade
| oach minnow habitat, or thoee occupying target areas thenselves, should be
renmoved or depleted ae conpletely as poseible. Renoval from live stream
reaches woul d Iikely beacconplished bypesticide application, while other
waters, such as cattle tanks, could bereclaimed by either drainage or
punpi ng, pesticide treatnent or a conbination thereof.

6.3 Reintroduce loach mnnow to sel ected reaches.

Loach minnow ehoul d becollected, traneported, and reintroduced
i nto sel ected streamreaches after habitatr eet orati on and non-native
species renoval s have beenacconplished.  Stockings should be of sufficient
numbers of individuale tO assure Mai ntenance of reaaonabl e genetic
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het erogeneity of the reintroduced popul ation (Echelle 1988, 2.6 and 6.1,
above).

6.4 monitor @ ucteeefftilure of refntroductior

Rei ntroduced | oach minnow popul atione e hc:.-d be periodically
monitored; |ocation, time ofyear, and methode e hould be standardized so
data are conparabl e wi th previous informatien for other popul ati one and can
be ueed to aeeeee changes in e tatue (2, above). Prelimnary evaluation of
success shoul d be made five years after rei nt roducti ons, and periodicallvy
thereafter until moxemoxs fore ucceee have been ful filled.

6.7 Determine Omos.CJm for e ucceeaf fajlure.

Success of reintroductions will be indicatedby e etabliehment of
reproducing, self-sustaining pepulationsofl| oach minnow with _
characterietice ofabundance, age-claee structure, andrecruitment In the
range of natural variation determ ned from extantstocks. Causes of
reintroduction failure, indicated bye berranciee in population
characteristics orextirpation, nust be identified and evaluated. These
could bea result of inconplete inplenentation ofidentified nmanagenment
strategies, ordue toother natural and anthropogenfc factors. Using
monitoring data, prelimnary evaluation of success should be made five
years after reintroduction.” Failed popul ations should then be reaeeeec i
and deci sion8 regarding rectification of problems, restocking, or
abandonnent made. Popul ati ons whi ch are questionable or eucceeef ul at.nat
time should be nmonitored for an additional five yearsbeforebeing judged
eucceesful ornot.

6.6 Rectify am necessary cause(s)offailure and restock.

_ ldentified cauaee offailure should be rectified. This my
require inplementation of the sama, or refinements of, ® trategiee
identified previously, or inplenentation of additional ones.  Additional
reintroduction atocking may be indicated once causes of initial failure are
identified and renoved. Insome | NStances, repeated e equencee of
reintroduction, nonitoring, aeeeeenent, and refinement ~ay be necessary
bef ore | ocal rnanagenment goalsare eatiefied.

7. Determine quantitative criteria for describing a_ self-sustaining
ooul ati on.

Recovery goals call forprotecting existing popul ationa, restoration of
depl eted stocks, and reestablishment of [oach mnnow in places from which
the epeciee has been extirpated, andinsurance that the ani mal ham
op?ort unity for self-sustenance in perpetuity. Fulfillment ofthese goals
Wl constitute justificationfordelisting ofthe species. Attainnment of
each canbe determined only fromquantifiable criteria applied to
popul ations under consideration. In particular, acceptable levelsof
natural variation within certain parametere of stable, reproducing
popul ati ona must be determined (see Meffe and H nckl ey 1987).  Absolute and
relative abundance, age-claece structure, and recruitnment are variables nost
i kely to provi de needed data am regards popul ati on status. Thenme nust be
interpreted within a context of security ofthe habitat and watershed
against future detrimental change, and of integrity ofthe fish community
as regards i nvaei on and eetabliehment of non-native species.
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7.1 Acceptable |eve|8 ofnatural variatjom.

Popul ations behave in response to normal variation8 in their
physi cal and biol ogi cal environments. Thus, population density, for
exanpl e, can be expected to vary in tine and space. Determination that a
popul ation la "healthy" can be mede only when the range of nornal variation
of key popul ati on parameters is known.

7.1.1 Absolute numbers.

Presence/absence data provfdem valuable information, and
usually can be assessaed expediently. However, such data are not generally
useful for eval uating change in popul ati on status relative to nornal
envi ronnental variation. Abaol ute abundance can bedeterm ned byany of
several nethods, such as depletion sanpling ormark and recapture studies.
Wien standardized as to location, tine ofyear,and nethod, data are
conpar abl e anong sanpl es and popul ati ons and can be used t 0 establish
*average" conditions and acceptabl e limitsof normalvariati on.

7.1.2 Aae-clanms _structure,.

Age-class structure can readily be determined from
measurements Of individuals sanpled during population abundance estimation.
Rel ative health of the population is indicated by anormal distribution of
i ndivi dual s anong age classes, i.e., natural nortality acts to dimnish the
nunber ofindividuals in each successive, older age-class. (Covious
aberranciea, such as conplete failure ofa year-class orabsence of anage
class likely indicates substantial preesure on the population, and may
require rapid remedial action.

7.1. 3 Reproduction.

Popul ati ons can perpetuate thenselvem only if reproduction
repl aces individuals lost to natural (orother) sources of nortality.
Loach minnow reproduction ehould be assessed by determning that the .
popul ati on includes an adequate stock of reproductive fish of both sexes in
a normal.ratio, and that egg depoeition, embryoincubation, and |arval
hatch are successful.

7.1.4 Recrui t nent .

Larval fish nust have opportunity to grow, mature, and
eventual ly contribute their ganetes to future generations. Thus, dynamcs
of a healthy population require that an appropriate number of offspring
survive to reproduce. Assessment of recruitnment would be in concert wth
eval uations of absolute nunmbers and age-cl ass structure.

7.2 Hininur stock Size.

Foreach population in tinme and space, thereis@a N ninum size
(nunmber) of reproductive adult fish necessary for perpetuation of the
stock. Wen nunbers dwindle below this mninmm stock size, natural (and
other) sources of nortality will eventually result in extirpation of the
stock, even though (dimnished) reproduction and recruitment occur up to
the tinme of extirpation. While it is probably inpractical to attempt to
quantify m nimum stock sire forall ﬁresent and future popul ati ons of | oach
m nnow, Sone consensus should be achi eved anong know edgeabl e individuals
as to what represents reasonable mninum stock size for |oach mnnow in
various habitats. Depletion of a population belowthat m ninum should be
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takenamindication that one or more environmental factor8 is negatively
impacting the population. Further{nvestiqation {0 determine and rectify
Lhe cauve wWould be necessary. A self-sustaining population should not
dwindle bel ow a previously determinedminimumstock ® ire.

7.3 Environmeptal variables.

sel f-munt enance in perpetuity requires t hat habitat at all times
nmeet the mni mum requirements for life cycle conpletion by the ® peciem
Some habitats may support |oach mnnow popul atione for a period of tine,
thenfail to do se. It thur is important that characterirtice which
dentri be suitable, | ong-term habitat be known.

7.3.1 Physica] characteristics.

Basic habitat parameters include depth, current velocity,
substrate, water temperature, etc. These,plus others deterni ned
significant, nust be available within the tol erance range acceptable tO
loach m nnow.

7.3.2 chemical characterjinticm

Fi shes require varying | evel mof certai n chemical
mubnt ancem to inmure conpletion ofall life history functions. For
exanple, dissolved oxygen nust remain above certain mninma forfiehem to
survive. Also, levels ofenvironmental chemcals, both natural and
ant hr opogeni ¢, mumt be mai nt ai ned nmuch that they do not induce acute or
chronic mynpt omm or toxicity anong | oach m nnow, or otherwise interfere
with life cycle conpletion.

7.3.3 Biological communi

Mai nt enance of |oach mnnow popul ations in |i)erpet uity
requires that the composition and integrity ofthe biological community of
which it isa memberal NO be mai ntained in a natural mtate. Loach mni nnow
exi stence depends in varioum waysonparts Of that community (e.g., aquatic
insect food resources). Moreover, perturbation ofthe community may
indicate future change8 about to occurinthe ® tatue of [oach m nnow

I nvasi on of the community byexoticforma, eepecially non-native finhem
may have severe inpacts upon |oach minnow and other native fishes.

Attenpts should thus be made to ammesm at least in general terns, the
nature and condition of the biological comunities that characterize

habitats occupi ed by | oach m nnow.

8. Consider continssncv planning and preliminary investiqations for
captive holding, propagation and rearlnd.

Captive hol ding, propagation, and rearing progranm are inportant
aspects of recovery plans for noat nouthwestern fishes. At present, it
does NOt appear necessary that nuch plan8 beinstituted in behalf of [oach
mnnow. This is because the species conti nue8 to occupy, in nubntantial
numbers, several dispersed habitata, and probability ofprotecting exinting
popul ati ons and environment8 appear8 high. However, condition8 could
change rapidly and existing popul ations could beneverely depleted or
extirpated. In such event, availability of aviable hatchery plan could be
i ndi spensabl e tomai ntenance of the npeciee.
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